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Figure 5 is a block diagram of lighting system 
th a PV pan 1; 

Figure 6 is a front view of power control unit; 
Figure 7 is a wiring diagram and specs for two 
lamp ballast; 

Figure 8 is a wiring diagram and specs for single 
lamp ballast; 

Figure 9 is a front view of battery enclosure; and 
Figure 10 is a block diagram of power control 

unit. 

Figure 11 is a block diagram of an alternate 
lighting system using natural gas cogeneration. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a block diagram of the major 
components of ah un interrupt able lighting system of 
this invention. It may be installed anywhere 
conventional building lighting is required/ Unlike 
emergency lighting, this is a full service, high 
quality lighting product. It functions with standard 
fixtures and lamps, without compromise in output 
quality and with no flicker in the event of a power 
failure. This permits normal building activities to 
continue for several hours using battery storage 
without disruption of work activity due to loss of 
lighting. The key subsystem that ties the entire 
system together is the power control unit 1 which 
normally uses AC grid power to supply the lighting 
energy and keep the battery 2 charged. The lighting 
fixtures 3 are fluorescent tubes using electronic 
ballasts which have a low voltage (nominal 26.6 volts) 
DC input supplied by line 5 from power control unit 
(PCU) l. Dicing a power outaget, the DC line 5 is 
supplied by battery. 2. 

^ Figure 2 shows a physical block diagram showing 
the AC electric service panel 6 with a three wire cable 
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ciMtoETSai g ' Xn Patent 5500561) iB * Wock diagram of a 
customer side, power management system formed in accordance with 
patent 5500561 and illustrating its interface with listing 
electric utility power lines of the customer facility. 

of a „ P !S 2 ? (£i9 " 3 in patent 550 °561) is a schematic diagram 
patent 5500561? n,anagenient systeni forined accordance with 

Figure 14 (fig. 2 in patent 5786642) illustrates the 
invention with regard to incorporation of the linear voltaoe 

forcon?ro a ;f„r^ r0l K inter J aCe , 0f Patent 5555561 « ^e ^ns 
for controlling the charge level of the storage battery. 

r. n -™,fi 9 K re i 5 (fi9 - 3 in *> atent 5786642) illustrates the use of 
tSrit brea Jf r neana and doping of a DC lighting circuit as 
!?iii?«2f^?-i ar ? D f. equll » ent and an inverter associated with a 
simplified illustration of the electric distribution box. 

f»* K^? U n£ 16 ( f i9 ; 4 in *>* tent 5786642) illustrates a converter 
ft d r»L k D J, BUW>ly £roffl a rectifier and providing an output to 
storage battery means illustrated as having a filter capacitor in 
electrical parallel therewith. p r in 



the power junction means. Other voltages ar also 
possible, such as 13.3, 26*6, 39.9 etc. 

The Battery Undervoltag Cut-Off disconnects th 
batt ry in situations of d pletion to prevent "over 
5 sulfation" or chemical and physical damage to the 
storage battery. The PV Voltage Regulator and 

Suppressor is a power conditioner block to suppress ~ ^ r^H Kt 
voltage transients (such as from lightning strikes in \ ^zJ -i* 
the vicinity) and also to prevent over charging of the 

10 storage battery from the PV panel. < \f 

Figure 11 is an alternate embodiment for a ^v*^' 
loadside powered lighting system including natural gas x xA( 
in a cogeneration component. AC power 50 is normally 
converted to DC power by DC power converter 51 and 

IS control means 52. However, a cogenerator in the form 
of a DC gas generator 53 receives natural gas from a 
natural gas source 54, and sends DC power to building 
lighting system 55, such as electronic ballasted 
fluorescent lighting. This system provides a flatter 

20 and more predictable power demand for electric utility 
customers at building lighting system 55, since it 
supplants, peak power from electric utility generating 
sources. This results in reduced demand charges, since 
gas offers a lower cost per unit of energy consumed, 

25 compared to conventional AC power from a public 
utility. 

The cogeneration system can run continuously for 
lighting load 55, without having to be sent back to AC 
line power 50, which avoids the need for costly AC 
30 synchronization methods and sine wave purity, as is 

needed when sending excess electricity back to a public 
utility. 

DC gas generator 53 directly couples to building 
lighting system 55 through a diode isolator that allows 
35 either AC or DC power to operate building lighting 



system55 - ^ /A/sexr B 

Goers He-xe 




>T B - 



5,500,561 



It is yet a ftffjber object of the present Invention to provide 
B customer im power management system and method 
which may BubznaUcaUy end substantial!* Increase the 
efficiency of poW usage by the cusioW in major load 
areas, such as Ughting and other electronic /oada, relative to 
other approaches. 

In accordance with one form of the 
customer tide, power management sy 
transducer having cms or mote 
utility' b power lines doming into the 
power transducer measures the powcri __ ........ 

customer^ facility, ann provides b sigjfat proportional to dte 
power drawn. I / 
Hie system may fliruier indude anjntegrator connected to 




I transducer* 



te output of the pow 
the signal from the tn . 
Uon period, in much the game way 
power consumption. ThAoutpul si 
provided to one Input of a comp] 
erriiai amplifier circuit which. In 
tor), which is also Included in 

Hie other input of the 
either an automatically 
manually adjustable set i 
coupled to the eomparati 
Jng circuit. TTie set point 
U> the comparator circuit. 

The comparator circtd 
integrator with the set 



PIO. ID is a graph of demand for electric power versus 
time feto hypothetical customer facility and frustrating the 
compost idealized daily toad profile fbrmfeh a facility. 

FIG. 2f*a block diagram of a cuajomer side, power 
managemenw ystem formed in accordance with (he present 
invention amrUtusuating its mterfwo wMj existing electric 
utility power Unes of the customsr facility. 
FIO. 3 is a scWudic diaamo of an alternative power 

maoagemcot syslc\fonne^in accordance with the present 

iner*t facility. The 1° invention. 

log drawn by the pjQ 4 jg a graph Vdemand for elecuic power versus 
time, which fat aindlaTUWmany respectt to 
trail ng the ics\i\\sjd bad eUpplng by employing the system 
and method of toe present Invention. 
HO. 5 is /graph of dematn\for electric power against 



t invention, a 

i includes a power 
; connected to the 



_ _ - integrator averages 
predetermined iniegra- 
a mfllty measures peak 
si from the integrator is 
itor circuit (ot a dUTer* 
fed, acts as a compare- 
fe system. 

ttor circuit Is connected to 
le set point circuit or a 
l, cither of which can be 
It by an appropriate switch- 
Is provide a threshold signal 
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jt marry respects to RG. 4, iUnstratmg the daily 
j of a hypothetical customer fedUry with tho 
agement system of the present invention operat* 
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Beferrtng now to FlO.tZ of the drawings, it wOl be seen 
that a customer side, power management system formed In 
acCTnfoncfe with the present invention may be easily inter* 
connected with the existing elecuic power wiring of the 
customer facility to monitor the load retirements of the 

mhtj c _ w _ customer. Tb facilitate an undersianding of the invention, 

provides an I output signalW at least one magnitude if the ~" FIO.B shows three phase power wiring (tc, wires labeled 
totegnaor's output signal! II greater than or equal to the LI, L2 end L3 representing each phase) and a neutral (Le.. 
threshold signal, and of A/least another magnitude if the N) wire comma; from the utUity and being received by the 
integrator* s output signal It less than the threshold signal. customer facility. It© three phase wires, LL U and L3 and 
Tbt power manBgemonl system of the present invention 35 the neutral wiroNaro received by a main o^trtoutton panel 
*. rr:™"?^ La » * u*.. «r n .«tmn*r r*rfiHv The main distribution oancl 2 
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ipares the signal from tho 
ftcuift threshold signal, and 30 



further includes an A' 
a switching mode type . 
a control Input to which 
the comparator (or dUTt 
lng power supply recei 
provided by the otilfly Jo 
verts this portion to Du pi 

Tho DC power from/the 
supply is provided to astisol 
to a storage device, 
distribution circuit 1 
from either the DC 
proportionally from fc crtb, In 1 
power consumed by the 
bansduccr of tho ays cm. 

Obese and other 0 tfects, ft 
invention wiUbtcon 9 apparent' 
description of Ulustri live embw 
be read In conjunclit n with the 



converter; which U preferably X*2 of me customer fecllhy. The mam clstrmutmn panel 20* 

supply. The power supply has distributes the power throughout the focWty, and to inany 

ovided the outpot signal from cases provides power to a llgjotina, distrlbuUon panel fcofr 

- ampUOer) circuit . The switch- which, as its name toadies, distributes power to the various 

[least a portion of (he AC power 40 lighting circuits of the facility. That Is, the main distribution 

1 customer's facility, and con- panel ^coavenuonalty distributes the three phase power 

on lis outputs. wiring of the electrical utility throughout tho consumer 

. Jching mode type DC power fadttyandtoMd^ 

a battery. The isolation and 45 



, and direct power to a load 
tply or the storage battery or 
rdance with dm quantity of 
end sensed by the power 

1 and advantages of this 
[i the following detailed 
its thereof, which fa to 
ipanylng drawings. 



BRIEF DBSCS iFITON Off TUB DRAWINGS 



FIO. 1A is a grap 1 of demanuW elecuic power versus 
time tor a constant 1 gating load o\a hypothetical customer 
facility. 

FIO. IB Is a graj \ of demand for elecuic power versus 
time for seml-rando n punctuated loads of a hypothetical 
customer faculty. \ ) 

HO. ICIsagfBplnof demandfor 
time for aeml-imidom\[onger cycle l< 
customer facility. 
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loads which may be required to be satisfied by the AC 
electrical power generated at the public or electrical fecilUy 
and frn*mrtf«g from (be illustrated consumer facility and 
they are a Ughting Load fr o o HO. lAh Semi-Random 
Punctuated Loads (setHflJW, and S^^landom Longer 
Cycle Loads,fro c FIO. 4 ^. lima, the three phase power 
wiring U, 1^ and U and to neutral wWtig N coanecta 
from the public utithy aide of the main distribution panel 202 
and issues therefiom as AC electrical conductors on tho 
customer side of this panel into connection with the com- 
posite of loads which arc required to bo satisfied by the 
power ynamrtlng from the electrical utility, as slwwniu 
Normally, the mato dlstnbulkm panel Twt 
the lighting distribution pand^exe interconnec^by one or 
more power lincMs, including a neuual IlnVB. but for 



the main distribution panel and the Ughting distribution 
panel are interrupted, as Ulutlnued by the broken lines In 
Piai Z ft wDl be understood that the intgnipUons of the 
power versus 65 lines between the main distribution panel y dhd the lighfgfi 
[s of a hypothetical distribution panift with inu^ductioo of the Inverter tf are 
necessary c^y if the UghttogUa^ 
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In flcc L nM ,ji , ' stochastic or recurrent (Le., non-random, lime of day) peaks 

tnZ^^L^t f^ rmrin< '"""ion . tbo power in the customer's daily power dem^^te SrfS 

SSSL^ associated with it one or more the power management system, a* illustret^bTnOD 

mlTl^^r?.? "S? phase * ^ P 0 ^ iransduceajO periodically derive ondatore the £nvKf g2 

fSli^ W demands over pr^^tl^ 

«^n«i J^, . udUly ' ^ P rov «^ an output vals. for example, dally or monthly, and provide athmsnold 

10 m nacasurcincnt - The output signal which is based on a '•moving aSm^^^Ke 
K^^i? ^ ^^^21° ifl Clonal in ls clrcuii Tins threshold signal proved toTKt of Z 

w ? p0 ! w C ? mumed * te « amplifier circiUC» through the swiuffi^ 

For examplo. me output signal may be in terms of voltage, automatic eel point circuity will eutomaUcallv 

andbavearangeof fitmiOto+lOor-lOvolt^ which would the threshold signal In accordance with the movini 

conei^nd to a power consumption of ftom 0 to 100 average of the customer's peak power requhemcnu which it 
uiowatts. A suitable power tiansducctflO which may be M ^culates algoiithmically. An example of such a circuit Is 

Wn,i^. ,JS^? n™**"*™ astern of the present d^Iosed in US. Pat No. 4,731,547. which Issued to Phillip 

invention is Part No. PCE.20 manufactured by Rochester * "U to disclosure of which is incorporated 

Insttumcm Systems. Inc. herein by reference. *^ ^ 

.JS? I^^* 1 ft ? m ^ powcr ^ansduccrittO is prcf. t implies, the comparator (or mom preferably 
SriE? 10 ^ cIrcuiiZM. Uo integrator 25 the differential amplifler) circmfcO will compare the thresh' ,« 

circuit averages the real time power measurement made oW rf S n ^ provided by either sex point circuMSjM which is** 28 ' 

!l T 8 ? u ?f n inicgrator circuit simulates "tectedby the witching circular with the output signal 

tne operation of a similar integration circuit which the utility fsom ^ Integrator drcuifcW. which output signal rexutaems 

uses to average the peak power demands of its easterner*. P 0 ™* ^tog *awn from the utility averaged over the 

The integrator circulQW may be formed in various ways. Pjcdetennined integration period. If the output signal from 
including .using an operational amplifjeiQS with a feedback ?L integrator circuiftld is greaier in magnibide than the 
capacUorflg and an input reaisto&Q, as shown in HGiZ Jnreshold signal, U, indicating that excessive or peat power 
The values of capacitor2l8 and reristoftZO are selected to consumed, the mffererrtial amplifier ctromtZO wUl 
provide 0 toired integration time. The integrator circuitiMV 8CnSC ^P^ide a proportional output signal which Is 
shown in FIG.J2 provides a negative gain; accordingly, if as compaUWc wim that required to control an AC-to-DC con- 
such a circuit la used, it may be coupled to the 0 to -10 V or 3witchifl S ***** ,V J* power supples forming part 
output of the power transducer to provide a positive output P° wef tnanagement system, as will be described. 
iSl!!^ One form of a differentia] amplifier rircuit&O which is 
dmwn from the utility and sensed by tte sensorsm for ««» in the present mvention is an operational 

The power management system of XfjS&twS&g 40 ^W40 having a feedback resistot242 and an input 

further includes a comparator circuit which, in a preferred J***^ w i« the threshold signal being nrwlded to the 

form, is a differential amplifier drcoi&Q The output of (he Verting input of the operational ampUferifO through the 

taesrMM circuii2l4 Is provided to a first Input of the wput r^stoa44 f end the output signal from the integrator 

altoentirf ampliacr drculO20 A second input of the ^^^ng provided to one side of a second input 

o^rential amplifier drcuiOZOis connected to a switcbinn 45 r" hlor243 vhM olfe «* «M© is connected to the non- 

chcuitOZ, which is functionally depicted in FIG 12 as a averting "put of the operadona! amplifier and to another 

single pole, double throw switchZ&o. resi«to44$ to ground. When the values of the first input and 

More specifically, toe "wiper" oim&l of the awitchme ff^^^"^^tt«iualim^oito 

circuit Is connected to the s^nd^^tS oSS ^ l T^ 1 ^ 4 ^*^ - S* itC 

ampUfler clrcuia« one polett* ofX swltctoadrS 50 ^ °" f^^H ^ *>* * voltage Z * S 

cormecled to no autoroailcaljy adjustable set point circuit ^.P 6 "^ Ae voltage levels of the 

and the other po)(Sj30 of the switching circuit is coSdto T^f^ 1 * ^ *** ^ ^ 

a manually adjustable set point drcuifti ccaDtcM 10 ntultiplied by the ratio between the values of the feedback 

Tho automaucaUy and manually adjustable act noinl dr « £. r2?Sil!^^ 

tccondary source of DC power, such as a noxmw baHcr^J M Aa W 'H bf Scribed in eitalcr danil, many AC-io-DC 

fonntag pm of Ihc po*7r m^agcmeM^yX^^Sx P° W »~PJ^^^^ votosetevd. in proper- 

over in tuRjlytagpoww lu one or more varioaj to^Tliuhe ««>nmaa o lhc vollage applied to their control signal input, 

cuMomcr-B fedliiy, a» will be described. and operale on poaitive conuol signal voltagej, feexanrplc. 

Various masuaUy ediuiiabfe us nnim ^,„.„„ „„ . Ov ° 1 . l ' to \0volia ror an output adjustment of from 123 volts 

negative voltage* or a^^S^^ w K ^ as when the level of the output signal o/ the Integrator circuit 

a l .»« BW , lul j B viaiiapouiia.wahJlswiper is below the set point threshoW signal toval, one on provide 
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7 u- 1 i «f the. newer isolation and distribution 

^ mta^D^cuiput lte feotatloi and distribution ^ 1 ^^S ! t»2?<'; Z**, 2 * V 

l^&S convener drculftJS i. a power ^^.ad distribmioncdrculfys. _ . 
SlKfaMnteriwto disidbufloB paneT*. wWA otiginaUy 30 ^.^.pc power wpply238. ^ B w to 

^..S^mZ^YS* to wed. «to com- "JS* "ffiSSreM batterylMtochar W tl*baiw. 



For cumplo, the power wpplyZ38 J«^" UMeA the 

^^topofleS^ectofihepo^W^^ Ki pott ihrcsboW. up u> the limit of **** 
„ i7 ™m ihe UEbOnE or other load to be driven t>y u» « ^V,. „,„_. .hat the cuiiomer demand Is 750 R. 



JTblmtopoflemBspectoflhepowt. »V»n £, „, polm OuesboW. up to the umu o» u«.«~ 

STof the invention, Is a «W J"^- u TbeLg reeteged under lhae ooadttlo*. TO. «a 

catty, the po>Uive terminal of the power euppiyc" 
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considered a first mode of operation of the power manage- 
meni system. 

Assume now that the customer's demand has increased u» 
850 K waits, which is SO K walls over the $00 K watt set 
point threshold set in the management system Under such 
conditions, the lighting load controlled by the system will 
draw 50 K watts of power from Die utility through lh« 
AC-to-DC converters and 50 K waits of power from ti>. 
storage battery. Thus, there is a proportional sharing of 
power to the load from the utility and the storage battery f » 10 
provide power to the lighting or other load. This can be 
considered a second mode of operation of tho system. 
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Includes another input resistorjM connected to the inverting 
input of the operational atnpUfledO, a, feedback reslaundtt 
connected between the output and invettlnfi Input of the 
operational amplifier and a feedback capacltom&2 connected 
in parallel with the feedback resistor; The Input resistors I f $, ity 
43*M are preferably equal In value, as are the feedback 
resistor 242 and grounded iesistor245, as in the previous 
embodiment. The feedback capaclio&2 is provided to slow 
the response time of the differential amplifier. 

A manual sot point threshold circuit includes a potent!* 
omoterfco" having its opposite legs connected between a 
positive voltage and ground and its wiper provided to the 
non-inverting Input of an operational amplifler264 config- 
ured as a non-inverting buffer amplifier. The output of the 



If customer demand increased to 1000 K watts, Which Is 
200 K watts above the threshold, the lighting load will btt 

powered entirely ton the storage battery and not by the t5 buffer amplifier^ is provided to the other input reslsto£44 

uUHty.Thkisalhird^ir^ of the differential amplifier. 

the system, 1^ output of tho differential amplifier is provided Co a 

Preferably, tho storage batterylM is formed from a series voltage-lo-current converter; The voltage-to-current con* 

connection of ten. 12 volt DC batteries. One form of battery verter includes an NPN transistor 266. a base resistor 68 

which Is suitable for use is a sealed, maintenance free lead 20 connected between the output of the differential amplifier 
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add AbsolylefTM) series of batteries manufactured by 
GNB, Inc. 

The operation of the power management system of -the 
p wiant irwsnt l oft r will now be described. A stochastic or 
recurrent peak power demand^weh no ahown to PIC. 11^ is 
dctectedbyti»powerlran^uoe©O.Tto 
output signal from the power transducer will Increase, and 
this increase In voltage level will be averaged over a 
predetermined integration period by the mtegratordrcuiQ}4. 
The output signal of the integrator circuit wilt accordingly 
also increase in niagrdiude. If the output signal level of the 
integrator circuti&4 is greater than the threshold signal level 
1 1 Sj * of either set point circuit gfc&coniicctcd to the system, the 
comparator or differential amplifier circoi&O wiD sense this 
and provide an appropriate output signal to the AC-to-DC 
power suppb238 to reduce the power supply output voltage 
to below the potential of the storage battcryl34. Since the 
battery potential is greater than the power supply voltage, 
power from the banerygM will be supplied to the load. 

If electric power demand from the utility decreases, a 
cortcBpGiidmg decrease in the magnitude of the output 
signals from the power ironafoccr&O and die integrator 
circuits will follow. If the output signal from the integrator * 
s * ,* <^it Mb to ortoiow thethre^ 
Z Z.O, z sz point circuits fSpSOf the comparator or ififfercntial amplifier 
drcuHftO will sense this and will provide the appropriate 
signal to the control Input of the switching power fiurmiy&ft 
to Increase the output voltage level of the power supply. If 
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and the base of the traaslstor266, and an emitter resisto£70 
and series connected dlode&2 wnlch together are connected 
between the emitter of the transistor and ground. The 
collector of the ir&usislor?}56* is connected to one end of a 
fixed resJsto&74 and one end and the wiper of a mnlU-tum 
poienUomctcrl76, whose other end is connected to ground. 
The remaining endof the fixed re$1siof?74rscuraecledto(he 
Adjust Input of a series regulator27S, such as Pan No. 
TL783C manufactured by Texas Irjsttuments, and to one end 
of another fixed resisioSftO whose other end is connected to 
tho output (OUH of the regulator. 

As In the previous embodiment, the power management 
system includes an AC-uvDC converter comprising the 
regulator^ mentioned previously, a full wave rectifier 
circuit consisting of two diodes €£#4* and a conventional pi ZFZ A 
filter consisting of two by-pass c^acitors'90#2 and a series Z 2 > £ 
choke or foducto£94, tho filter circuit being connected to the 
output of the rectifier circuit The output of the filter circuit 
is connected to one log of a fixed tcsistm&6, whose other leg 
is connected to the input (IN) of the regulator^ and to tho 
base of a PWP transistor^ through a base resistor 100. The 
emitter of the transistors Is connected to the output of the 
filter circuit, and the collector Is connected to the base of an 
NPN power transistor 102. A suitable power transistor 102 
which may be used is Part No. TTPL762 manufactured by 
Texas Instruments. Of course, the power transistor is 
selected in accordance with the power retirement* of the 
system. The collector of the power transistor 102 is con- 



the supply's output voltage level Is greater than the present 50 nected to the emitter of its driving transislor&S and to the 



or "spot" potential of the storage bauerjgH the load will 
again be folly served by the power supply, and current will 
also flow to the battery until Hie battery is fully charged In 
this mode, no ctirrerrt will flow from tho battery to the load 

Patent AwMhe * form °* to* Pow management system of Abe ss 
£Vor?'f jwtrnt fovtmHon h shown schematically in HO.J3. Hie 
' power transducex2i0 Is connected to one or more of the 
customer's utility power lines, as shown in HO.fc ami has 
its output connected to the non-inverting input of an opera- 



output of tho filter, and (bo emitter of the transistor 102 Is 
connected to the output of the icgniaio&78. IfanslsuKslStt 

and 102 and their associated components form a current, ^ ++^t r*r«**, \ 
booster circuit. J—C^f**™ 

The power management system shown In HO. ft further 
includes an isolalton and distribution circuit consisting of 
three totcrccriricctcd first, second and third diodes W£2jS4v l$Oj Zf2 / If 9 
as In the previously described embodiment illustrated by 

v „ r r F1G.I2. Tho output of the regulator^ b connected to the 

tional amplifier^ configured as a non-inverting buffer 60 anodes of first and third diodes 38£4> The anode of the i& 
Mup^fter. The output of the buffer arnpUfic^U connected second <fiode?S2 and cathode of tho third diode254 arc 
to one side of a differential amplifier circuit including an connected to the positive terminal of a storage batteryjM 
operational ampHfiefJJO. a first input rcsistor2l3 ccnnccted used in the power management system, and the cathodes of _ 
between the buffer amplifier output and tho non-inverting the second and third dioder5%54^ue connected to tho load £5^/**" 
input of the operational arnpllfie&O, and another rcsistord? «$ 016 which Is powered by the system, 
connected between the non-tavcttrng input of tho opera- Too power inanagement system shown m F1GJ3 operates 
tional amplifier and ground. The differomia) amplifier in the following manner. When (he power drawn from the 
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chaiEc\» illustrated by HG. 4 of 
ahows u\dasbed lines the efomnatio 
ihecusicmWa utility demand. Also, 
system fuoVWw for ^ 8 2??%? 
oYthe powe\ utility. The thread 



Jib drawings, which 
/of such peaks from 
b power ounagenieot 
- principal advantage 
Uustably set by the 



weteni to redtove end ahift such c 
hu FIG 5 of\he tewinga. § 

A tvrncal cuWr load profile jf> shown by the ttUdnno 
.nFraf*^ la to pt/lUe occurring at or aboul 
3 to peak periA to power nttnagenwi 



..tttliv Is and) tot to output level of the tMrtsduce^tt U 
S ^Kt Point threshold level, to trunstaloAfi oftho 
S^ctt converter is ^n-oomlu^g. ■ThU^c- 
tocrcascj to resistance of to tower leg of Brcshuw 

w ond to combination of reslstonW wfl to pwdW 
Snfcbation of to multi-turn V^^PJj?*** 
-Zance of to voltaae-W^uncnt converter, which com- 
^ to wlworVa tower lea. Under such oondutont. to. 
&S,to^oftofir.^o^^ & to» , 0 
Zvdtaw a to anode of to second dtodeSZ. witch te to 
Mtrf^m? batterj234. H» first dloa«0wnib» 

^ fton, the uiUUy ^^^T ^T^;^ 
Se foil wave rectifier circuit, to filler and 1 the Oncol y 
booitet circuit, wffl bo provided to to toadm 

Vrtuai to uaasduccao of the power nuu^emem system 
imhi M ~ increase in utility power drawn by tie customer. 
Sa^l lig^rn to&ffer amplMeAO wM «ceed to 
£SE£ ofto output signal oj Tjh« |ttniMl „ 
Sffir umpliuerJSd. In response, to tfuocnUa! ajnpBfler 
JfnroXa positive voltage output whWi wU 
. ™re the transistor^ «rftovol^u>amertcor^to 

SXct current. TWs effectively lower. U* r«toM* ofto 

iZm lea of to resistor divider network which. In ram, M 
On vStofleon to anode of to first diodeSO. If 

Se^f the differential ampUftw and the current drawn " 
SS to TcoUector of the 

3too4teTOB will change (he voltage <ra the anode of 
Zfint diodeSO to a point where there la a piopoitlonal 

utUUv Wte power inawtgement lyatcm acta asafivo 
S wSh fecXick and ha* aadf-leveUng capaWHly- 

As can be seen from the above description. ^ Power 
-SSi^m system lwn\*>*™ bej s*»y 40 

SSd In a customer facility with little or no rewiring^ 
Scthe main disuibuiion pantWh usually c*imcc*d 

tot^to tv«^ ba broken and connected to the power 
manegemeal system. Also, fciorcacent lightly, which may 45 
"i^JT^ls— wh.iv Aftfe of the total load for some 



consumed. Purini *uxh 
mainly dlsctoergUA as _ 
to provide power toYbe 
the customer load prqfile to 
in HQ- 5. 

Ai times of tow p 
system wW charge 
previously. The peril 
Indicated by the tetter 
also be performed at p - , 
the cotmectlon between v 
ontial aroplUler drcuil 20 
dashed Unes, to add a relay 
the two. Relay or switch 
depicted as a single pole, di 
wiper 114 connected to tin 



[the storage battery 34 to 
■cd by the letter Din F10. 5, 
for other loads. This reduces . 
I illustrated by the dashed line 

», the power management 
p, battery 94. as described 
the battery to charging ate 
[a 5. This load shifting may 
As illustrated by HO. 2. 
^ drcuil 22 and me differ* 
ty be broken, as illustrated by 
switching circuit 112 between 
circuit 112 la furtctionally 
lc throw switch 112a. with its 
- ' * amplifier circuit 20 



to leas than that of the 
wit 14 or power trans- 
when load shifting is 



SOUlVV V 1M»***»B •* *™v 1 

output signal ftom ihe tat igrator 
ducer 10 expeeud darlnglto pn 

de JSd«« circuit UO U coupled t\ ^ «*J*2"S 
chujTmtocOTtrollh. ^^te^^f^S 
Mm«. thn connection b «wecn switWng dreu» ** «no 

swiicblng drcuil 112. ««l «J"g> v 
{OfTerendal ampUfler eta ait 20 throng 
drcuil 112. Because volt «e V la aetocL 
output vote* e» of totegrt tor circuit M t- 
10. to output .lgoal of , he iliffi«niW I 
^^^^tttecra^v^agcof. 



will ensure mm we oui mi >«"»» — 
voter drcuttWUtowei totopoteuttal 

mmiBBemenl wstem. /uso. uuorweem ngum^, ^ , - 34. Accordingly, bottejy • 34 wffl orova 

40% of to total load fw some powe , to to sdccicdl^ during 

"5SZT:.wJ2L, u > nort tr ,ilMt» fiviranlvo load to work In " — 



XJ^Sl. e partlculady auraoive load to W o* In eonirolled by Umer U*. a^vid^^ 

contaDcUon wlih the power manasemmt sysiem. Tte Ughi- ^ external control npat V» My „ f ^CjdB«l 

Slo^Tcmatos fcWy constant towgtout to day lajJ. u, the relay 1 tt»^»""£|!ffoS 

S^thoi^eriiutnageriiei*aysManp« 50 to tw ilch the relay wbe ^^^""Xf* 

S^idr^ ««* a load. !□ input may orMy b = ^f^" 1 ^ » T 1 ^] 

Tto elertronfc ballaMa currently, B.d h^gy< D8 lL n , 7tbe customer side | » tot, f« ?°J 

fluwroettlteWiW wUl function on either direct .current remotely centre! when toad * 16 

fDOwdtSS current (AO- U fluorescent UgWing, %g ,„ i 0 oocur by tre M mlUlng a signal to the . 

b7t^U^eoby the oystem endprnvexed by AC.this maybe 
ZSSSJ Tby using an Invener 110 Interconnected 
fr.TTLl.rfrk. »»» i>»i«aim and distribution 



BoconpUoned by using an inverm »iw 
SSto outfut of to f 
cbo>il2l8 (and to negoUve terminal of to A&».i»< 
SSS&W.) and to lighting dtertbutton 
shown by dashed ttnea to FIO-JJ- Abidingly, flamworl 



designed to remoV ^ 

the cvsumter*8 electric \ 
financial edvarttaw^ * ' 



rSsw 



^^jfloaEfrom 6$ 
^ to me principal 
avoiding demand 



BMW W w 

to oontiol relay 112. 

Since the utility jiharges a rranlum for 
rtnuomptton, rcroovj 1 of stochastic 

utiUty ma^ slgniBcanay reduce the 
charges incurred by the customer- 
Sine* the storage battery 34 is only being ^ 
Infi^uent times of peak ^^±J^ t 
oV^oP discharge* nd the charge and 

battery can be rniiunu^ 
battery will be prolonged. 

It should also noted that other type* or 
F werWcs may be used. suA as a power geocraj 



during 
moiled 
of the 
of the 



ror 
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ma v tie used to feed the AC loads AL powered by the box 
DBA. Sitnilaily. 'Ihe electric plug PL2 mny be Lsed lo feed 
(lie intrinsic DC load means LM powered by tttc box DBD. 

FiGL 1 Illustrates a basic modular unit M which is external 
to theVbox EDB and therefore attains sofnc surprising 
advantages which wiU now be explained. The basic modular 
unit M comprises the xecliargeabie storage bfiltcry means SB 
whicli represents the battery storage capaAly to be drawn 
upon whin DC power is nor otherwise/available to the 
consul wnfe load. 'Hie storage ball try meant SB is chargeable 
in deep cynic fashion to a charge value alAvhich an incipient 
electrolyte boiling point Is reached and the battery charging 
means ciuplWcd must be capable of effecting such charge 
value ns win ensure tills level of dprge without cither 
ovcidiargingbr undercharging. 

An imjxnlaht aspect of this invafhUon resides in the 
compound useW the "battery equivalent capacitance 1 
inherent with tbAslorage battery moans SB. in conjunction 
with the filter capacitor FC The Ji/agnitue of the "battery 
equivalent capacitance** gain per uAil volume exhibited by 
the storage battery Vneans SB is flutslandlng. To illustrate 
this jwint a standard filler capficilor FC might have a 
cajwiritance measured in microfarads (say 50 microfarads) 
and be of a bulk or volume to fW easily within the box I>B. 
The slorage battery means wlilf have a battery equivalent 
capacitance of at leasfc 10.00CT Farads. The high battery 
equivalent capacitance of the storage battery means is highly 
effective for AC ripple loierlnj 
inco))>oration witliin the 



and iftfc^plug openings 22 and 24 may be connccietKo the 
intrinsic OCload means LM of the electric dirtfroution box 
DBD through^e prongs 22* and Z4" oJJmfelectric plug 
FL2. 

5 As noted bcfore,ln^usuaj}0ifof FIG. 1 is somewhat 
simplified because only oh^AC power buss F2 ! s connected 
although other and dl£F^nt^)iUKclions could be illustrated 
and only one DCpe%er avaUaWH^is illustrated between 
(he wirings W£*and W24 although theelectrical ouUet BOl 
*° could be mudi more complex and offer a gfcat dcaljnorein 
(he way6? AC and DC power capabiUlies. 5>Kh will be 
iUustfated in greater detail hereinafter. 



is 



but the bulk is too high for 
>B and. more importantly, it 
iund. If the storage battery 
even temporarily, the limited 
the filter capacitor FC would 
adequate AC path to ground, 
" power source DCPS. or its 
fe path. By substituting a 12 
means SB of say. 1 cubic 
ttcVv equivalent capacitance" 
FaraoiL Slated otherwise, such 
would Wovide a very large and 
nd commensurate with the load 
the turned AC pallt to ground 
cilor FC vtauid still be essential to 
codes. The two capacitors 
With one another and both are essen- 
local codes, the means SB conduct- 
directions consistent with the require* 
n lo ground pud its associated DC 



provides an ideal AC pathVo 
means SB were to be rcm< 
AC path to ground supplied 
be inadequate to provide ai 
however, (he presence of thi 
equivalent provides the at 
volt deep cycle lead-acid 
foot volume, (he relative 
would be at least 10, 
storage battery means £ 
adequate AC path to gr< 
current being drawn 
afforded by tlie filter caj 
comply with local cl| 
operate in conjunctiot 
lial for complying wi 
ing current in of 
menu for AC condui 

power supply additionally providing\ a DC isolation path 
from ground, and the means FC providing a second, but 
limited. AC path to/ground in the event that the means SB 
becomes disabled. J* regard to the lattfcr. the means FC is 
sized in caparfuWe wherein the capacitlve reactance Xc is 
low enough to pas% sufficient current to ttep both the worst 
case fault currents well below any shook hazards and to 
allow sufficient /current flow to trip thT relevant circuit 
breaker^) in tri event of an appliance shbrt circuit 

It will be appreciated that although the filter capacitor FC 
normally wouttt be hard wired within the but EDB, it could 
be incorporated within the module M in parallel with the 
slorage baneny means. 

As will be/seen, AC potential is availably at the wirings 
W20 and Wfi2 because the power buss P2 i\ supplied with 
AC power afed DC potential is available at thfc wirings W22 
and W24 Because of me presence of the sWage battery 
means SBiThercfore. the plug openings 20 and 22 may be 
connected \o the AC load means AL of the dosoabution box 
DBA through the ]>rongs 20* and 22* of the electric plug PL1 



With reference lo FIG. % note that the circuit shown 
largely parallels FIG. 13 «f my - c o pe n d i ng Applioatlon 
wherein rectification is effected by the diode! 82 an$84 they 
feed the TEG circuig94,&0.&2 of the voltage regulator 
w section (so labelled) operating in conjunction with the 
control interface (so labelled) to output DC at the junction A. 
Thus, an important objective of this inv e ntio n is realized, 
namely, that the charge level of the storage battery means SB 
to service an intrinsic DC load means such a*3f 6 in FIG.f^ 
^ or the dectronicaUy (DC) ballasted fluorescent lighting 
circuit FL in FIG.fSTis maintained at the desired level. Note 
that the three modes of operation as disclosed in U.S. Fat. 
No. 5300.501 obtain. 

When AC input is present the voltage regulator function 
30 illustrated in FIGJft is one means for maintaining the charge 
level of Use storage battery means S3* contained within the 
module M and which is connected to the junctions Jl and J2 
(c a8 ira , 4 )» The lighting Ioao3t6 is. of course, an intrinsic 
DC load means such as the looped LIGHTS circuits FL 
^5 looped between the ground buss GB and (he circuit breakers 
B5 and B6 which are connected lo the neutral boss NB as in 
F1G.& Th er - PC - power e oureo BOPS of FIG 1 .to The 
photo-voltaic oanel means PV at-P3Gr-& and the Inverter 
means INV 3£§hown in bosh FXGfr4-6f&- It will also be 
40 understood that although the electric distribution box 
is not illustrated fully in FKUfc mis is done for simplicity 
to avoid overcrowding of the Figure. - 



45 FIGJSAhows the electric distribution box EDB in sim- 
plified and uncluttered form and Is principally directed to 
illustrating the concept of ganged circuit breakers and of 
looping of an intrinsic DC load means as well the use of a 
load source means. The box EDB is outlined and the ground 

so buss GB, the neutral buss NB and the power bnss F2 are all 
designated. The DC ballasted fluorescent lighting intrinsic 
DC load means FL comprises an example of a distributor 
box DBD emanating from the box EDB. Each looping 
WDBD54 and WDBD56 is between the neutral boss NB 

55 (-DC) through the circuit breaker means B5 and B6 to the 
ground buss GB (+DC). Four electrical outlet means BOL 
B02. E03 and EQ4 are illustrated, all identical, with the two 
wirings W20 connected with the power buss P2 through the 
respective circuit breaker means Bl and BX Similarly, the 

ft two wirings W22 are connected with the neutral-buss NB 
through the respective circuit breaker means B2 and B4.*Rw 
tn*~miM*it Kr^^ p| ftm f fil tarti r^*-|^ni» «mK 

B2 and D 4 each ecrrespu ' ud in th o ^iroultrhrcalf&j 13 In 1 nOr 
65 •* The circuit breakers Bl and B2 "belong'* to an AC path 
and a DC path, respectively, and the circuit breakers B3 and 
B4 dmflariy "belong". 
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nftctricptfEJ VIA and/oFtDl may be4>Wggea*>p to Jh} 
ct^tn^mlels^ilh thej^ngsboup^* and/or 2byk\ 
VVsfo\ previousV^esaibed. 

The DC power sources *SGtt£~arc illustrated as the DC 
generator and the photo-voltaic panel means PV which, after 
regulation at the regulatorrlO. passes through the isolating 
diode D2 to the junction A to which the positive side of the 
DC generator DCPS is connected through the isolating diode 
Dl. The Junction A is connected to the ground buss GB 
through the circuit breaker BB whereas the AC input from 
the lnverteteo is connected to the neutral buss KB by means 
of the wiring WSO and to the circuit breaker 1)7 through the 
wiring W52. The looping of Ihc intrinsic DC load means 
effectively doubles the current carrying capacities of (he 
associated wirings whereas the ganging of the AC and DC 
paths as to circuit breaker means allows the dual voltage 
aspect to be carried out with increased safety. 

To reiterate some of the above, the modular concept of 
ibis invention is very important in that it involves the 
provision of separate entities which are the storage battery 
means SB and the filter capacitor means FC. The storage 
battery means SB has a very large battery equivalent capaci- 
tance consistent with ati excellent AC path to ground and the 
filter capacitor means PC has a very small capaciiance 
consistent with a limited AC path to ground and being sized 
in capacitance wherein the capacitive reactance Xc is low 
enough to pass sufficient current to keep both the worst case 
fault currents well below any shock hazards and to allow 
sufficient current flow to trip the relevant circuit breakers) 
in the event of an appliance short circuit. As noted, the 
capacitance of the filler capacitor FC should be in the order 
of 50 microfarads. ^ y m tft) 

HG Jfcs directed to a circuit which embodies a switching 
type converter of very high efficiency and is a preferred form 
of converter because ttils type of DC-to-DC power supply 
. represents high efficiency contemporaneously possible. FIG. 

(4 ttluttx&les input mechanisms* some of which are not 
designated by reference characters but which are designated 
as to function, and also illustrates output mechanisms, none 
of which are designated by reference characters but which 
ore designated as to function, fn all such cases, the meanings 
should be clear and the additional descriptive material 
detailing the mechanisms and reference characters are 
believed to be unnecessary. 

The block enclosed iu dashed lines and designated by (he 
reference character 501 is a typical full wave rectifier bridge 
circuit (i.e.. the opposite of an inverter) feeding the capacitor 
505 at the junction 50]' and whose purpose is to reduce the 

. rectified ripple component of the circuit 501 and provide 
filtered DC input voltage, present between the junction 501* 
and the conductor 501v. to the converter means. 

The converter circuit shown, downstream of and as fed by 
filtered DC from the rectifier circuit 501. has junctions 521' 
an J 521" within the section 521 between which the resistor/ 
capacitor pair 52tr and 521c are connected and which pair 
provide. the further Junction 521"'. The junction 521*" is 
connected to the conductor 521 v which supplies the pulse 
width modulator 503 with positive voltage Vcc. and this 
junction feeds the diode 521<J1 having junctions with the 
parallel resistor/capacitor pair which are connected between 
the diode 52142 and the junction 521 

The converter employs a pulse width modulator 1'WM. 
indicated at 503w controlling the switching transistor circuit 
508 to impress transient voilage spikes present on the 
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conduct or 508* through the primary of the transformer 506 
to cycle current to the primary windings LI and L2 of the 
transformer 506 whereby "acis generated as an intermediate 
process in (he flow of energy" as is defined in the above . 
definition of "converter". The secondary side of the trans- 
former 506 is represented by the windings L3 and IA. 

The circuit 509 is an optica) isolation link between the 
pulse width modulator 503 and the control means 522 on the 
secondary side of the transformer S06 which allows control 
voilage on the conductor 509f emanating from the pulse 
width modulator 503 on the primary side of the transformer 
506 to provide an input to the control means 522 on the 
secondary side to influence the pulse width modulator PWM 
503 withoui current leakage back from the secondary circuit. 
Typically, the frequency of conversion effected by the trans- 
former 506 will he 20.000-100.000 Ilr. which dictates the 
need for the special capacitor 517 to absorb these transients, 
the capacitance of the capacitor 517 being typically about 1 
microfarad when used. 
A secondary winding L4 drives the circuit 514 which. 
2° similarly to the rectifier 501 plus the filtering of the capacitor 
505. provides a DC output, in this case the proper DC input 
to the control means 522 at the conductor 51 4v. The control 
means 522 has an output conductor S22o connected to the 
optical link 510 for controlling the three modes of operation 
25 of voltage control in accord with the principles of my prior 
applications. That is lo say. when the optical isolator 510 
link is "on", modes which permit DC current to flow from 
the photovoltaic means 520 are operative, i.e.. either or both 
DC power input from the means 520 alone and partial or 
30 shared DC power input from the means 529. When the 
optical isolator 510 link is "o(T\ the remaining mode, DC 
power input solely from another source, (i.e.. no photovol- 
taic input) is effected. 

The modes are controlled by Ihc DC voltage prevailing 
across the junctions Jl and J2(or the presence of a recharge- 
able DC mechanism such as a storage battery means con- 
nected to these junctions) in which case, mode 1. DC power 
input to the rechargeable DC mechanism alone, mode 2. 
shared DC power input, and mode 3 no DC power Input to 
the rechargeable DC mechanism arc the order of the day. 
That is to say. when the conductors 523 and 524 are 
connected lo one of the DC sources illustrated in FEG.J6 or 
to a DC power source such as DCPS iu&GZX** in FIG. 3. 
the system will be fully operative for the purposes intended. 

Staled another way. the DC voltage applied to the storage 
means will depend upon the feed back influenced by the 
reststors 7 36^2.^3.«ftlA5 &8*/0?i4 and**© in Flavor 
by the resistors including 511. 512. 513 and 515 in FIG. 4. 
This is true even if the system according to this invention 
M is operated on the barest of input. For example, iu locations 
where either AC or DC power is available only part of the 
time, or is available on site only from mechanism thereat, 
some configuration disclosed in the drawing Figures herein 
will be effective to provide DC power supply to the storage 
« battery means. This there 9tf* m C<wrtttu.tes <L 
— lis claimed is: u *'**r$*l fov^r *yh 
1. A ntettalar power management system havlncpdmrnon 
wiring for altoq^ng both AC and DC power Jfifttlhrough 
comprising: 

an electrical dislributlbn^nanel capable-^ receiving both 
AC and DC power sirml 
' a system of busses housed^vffi&qjhe panel including 
electrical power buss^pfteans. ncuiraVJmss means and 
ground buss i 

a module unjptfcTuding IX' |K>wcr supply meaiis^Jcrnal 
to the pdhtl connected across said neutral buss mfe 
id ground buss means within said panel; 
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